During the spaceflight technique development, the information of the lunar geography plays an important role in the space exploration. The algorithm in this paper gives a new way to simulate the lunar muti-craters from single CCD(Charge-coupled Device) image. With the parameter of the lunar environment, the simulation model can work well on processing the lunar highlands CCD images. Comparing with the Tsai's Shape from shading algorithm, the simulation results of the new algorithm have shown more details of craters topography.
Introduction
Impact crater is an important and basic geomorphic feature on the lunar surface. Also there are several types of impact crater landforms on the lunar surface, such as the Large-scale Ejecta Ridges, Lunar Highlands and the Highlands-Mare Boundaries. In order to make the landing of probes successfully, the geomorphic information of different impact craters is necessary. Therefore Building the 3-D lunar map plays an important role in the mission planning and navigation of the probe. [1] [2] [3] Usually due to low sampling frequency of laser range finder on the orbiter, the Digital Elevation Map (DEM) is often with low resolution for the lunar remote image. By the Shapefrom-shading (SFS) algorithm, elevation information can be obtained from the CCD images with high resolutions. SFS can be usually used in the 3D reconstruction and can only base on a single input image. Proposed by B.K.P and Horn first [4] , the brightness values of the image pixels are used as input of the chromaticity model function designed upfront in this algorithm, and solution of equation is elevation information.
On the other hand, the SFS algorithm usually needs some constraint conditions. Several samples have been simulated by the traditional algorithm, but the results had lost some geomorphic information of the impact craters. The algorithm can be improved by considering the environment parameters on the lunar surface. We have built our model and use the parameters from the lunar surface environment. Large and small craters can be simulated at same time. The results give a well vision of the lunar muti-craters geography.
New algorithm
In this section, the characteristics and parameters under are described. A series of operations have been used to simulate the craters of the lunar muti-craters from the single CCD image. The flowchart of the new algorithm proposed is shown in Fig.1 below. 
Illumination Analysis
The traditional SFS algorithm needs some constraint conditions. The Oren-Nayar reflectance model [5] which is a famous model of the SFS, gives a specific example of the illumination equation. But the model in this paper has considered the parameters of the environment on the lunar surface [6] . The craters on the lunar surface always have a dark part when the altitude angle of the sun (angle of incidence is the angle from normal incidence, which is 0 when the sun is the highest) is smaller than the gradient. Then the simplify equation of the illumination can be determined as the flowing
where β is the altitude angle of the sun and α is the gradient. There are also other variables should be known before restore the crater geomorphology. And in the equation 1, the M is the median gray scale value of the input image. This equation gives the relationship between the gradient with the gray scale L which is in the input CCD image. figure, we can find the median gray scale of the CCD image. This parameter gives the flat ground information of the CCD image, and it makes the model can to work on different CCD images. Also form the Lunar source book [7] , the gradients of the craters on the lunar high lands are usually less than 45°. So the CCD image can be simulated by the algorithm in this paper since the gradients of the gray scales can be found in a single corresponding equation. The elevation rebuilding is different from the single crater rebuilding. The input image has a large size lunar landform. And the elevation of the beginning column of the image will give a great effect to the simulation result. So the column's elevation should been found before the elevation rebuilding. By using the equation 1, we can get the elevation value for the beginning rebuilding column.
Elevation Evaluation

Experimental Results and Discussion
The purpose of the algorithm is to simulate the muti-craters geomorphology. Two training samples and six testing samples have been selected to test this new algorithm. The simulation results are also compared with the classic SFS algorithm created by Tsai [8] , and the result by the algorithm in this paper is better than the Tsai's. In this experiment, the direction of the light source has been given as 30°. The input image should be changed as the light source angle is 30°. So we specify the dark part of the craters must be on the left of the whole image, by spinning the single CCD images, the image can be adjusted in place. The transverse tectonic structure begins from the left of the single CCD images. According to the testing results, the simulation model of the algorithm in this paper can almost rebuild the geomorphology of the craters. And the Tsai algorithm has not done well in the dark part and light part of the craters , it can only simulate half of the whole crater. The result has been shown in Fig. 8 . The Tsai algorithm can't rebuild the part which has a large grayscale because it hasn't considered the source's angel and the dark part and light part's gradient. This problem leads to a result which has distortion. In the other side, the result of the algorithm in this paper can rebuild the geomorphology clearly and the Tsai algorithm's result can also rebuild the ground which includes muti-craters of the lunar surface, but there is a lot noisy in the simulation result. Comparing with the result in the other paper [9] [10] [11] , the algorithm in this paper can rebuild the whole crater in the input CCD image and has less noisy in the results.
Conclusion
This paper has referred to the Oren-Nayar reflectance according to the lunar environment, which makes the model more suitable for the lunar surface. The simulation results are better than the existing algorithm before the new algorithm can show more details of the craters.
But this new algorithm still has some limitations. Such as the algorithm not work very well in a large size input CCD image, the result will be effect by the input CCD image size. We will try to remove these limitations in our future works.
